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(54) SEMICONDUCTOR DEVICE AND MANUFACTURE THEREOF 

(57)Abstract: 

PURPOSE: To eliminate thinning of a pattern of a gate electrode and to 
reduce an electric resistance by forming an inverter T-shaped gate 
electrode on a groove formed by etching a first film formed on a 
semiconductor layer and the layer, through a gate oxide film. 
CONSTITUTION: A PSG film 9 to become a first film and an Si3N4 film 
10 are formed on a P-type silicon substrate 100. The films 10. 9 and 
further the substrate 100 are etched to form a groove 200. A gate oxide 
film 1 1 is formed thereon, and a conductive film 12 is flatly formed 
thereon. Then, the film 12 is etched back to form an inverted T-shaped 
gate electrode 1 2A. The surface is thermally oxidized to form a silicon 
thermal oxide film 13. After the films 10, 9 are removed, a silicon thermal 
oxide film 14 is formed. Thereafter, low concentration n-type 
semiconductor regions 1 5A, 1 5B to become first semiconductor regions 
are formed. Silicon oxide films 16A. 16B are formed as spacers, and n- 
type semiconductor regions 1 7A, 1 7B are formed. This field effect type 
transistor does not have thinning of a pattern at the electrode 12A. 
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t * # « (* $S at© K ifi :^ & o 
(3) Kii 9tt&<E>4&«»ji zomimn& 



y- h?5««-J^fiKf ^xs^, 

ftA-r*C tUJ:?). V-Xfc J:C^ Kb-< > t'x 
(5) m 1 9«&0^4F(^JS CQ1^1««S 

coy- Mfe»KJtic©«dnfcy- 
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R-tfiJfiEu. coy- hteSRJii;ffiT^fi©y 
y- nttt»A<ffrEy- h««*-^i«n*»iiieo 

T» < 'X-S J: -5 r-/<©ot^/c|IlEi£T^S©y 

-MSe^-^^U. |tIEj£T^S(C5S 0 Hi 

y- h«^TO«9E» 1 9«M©^4l<*li1'(C 

(4) m 1 i*«Sco^«{4c|B±ii^So0|C^O9^ 

1 ©iSR^j&fi^-rsxm 
-sxst. 

nm u/cWE**<*»*^:&tti ^ f- > « c 

-5 J: -5 «ffiCx-/<©oi^/ci»*J^fi£t-«X 



/c»i.^y- h«ffiR3^i5Ey- h«ffi*^^>ttno 

{zvt-7xm <^a^ 9 -f-^^o^t^/citrEffiT^ 

m2mv.m(owiio^m»^Uit. c:©94©^ 

•6iKRft©m 2 

1 ©td^R^^^^r^xs^. 

flTEirc 1 ©ttR©0i£©R««S1^fi9lc|»^-r 

-sxet. 
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l^T, |tIE» 2 1 O^tttt J: 



I h5 >i;x^'*fijL« fell. «rEi|t«(*B 

C0«*nTffllffi«rx-/<©ol^/i» 2 ©flit, 
CO!? 2<0«OS®CJgfi£L/iy- 

coy- nfeSR±ic5Bn!c J^oy- h E 
ait, coEHftj^oy- h«ffiiC3r-'<-'7 

U^^t> J: •^(CB^Uyiii&fiftOSI 2 9nSom3 

*xst. 
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»2^»«IlEOin5CD4i|»«:0JK*nE3f4CDiiii» 

(7) 11^ 1 iiinso'f^vft^is t. zomimnm 

^Bmt. c oy- hifefcBg5±(c©fi£$ nfcy- 

K^rJ^fiJcU. $ ^tr C ©y- Hg»BtJb»Ci£T^ 

fi»t*y- h«ffiBi3&<WEy->«ff3i^^»ttn4 
fi©y-h«s*wu, fi^EaT^a^jBomu 

fi»t>y- h«aBRT©|rrE^ l i»«S©^#«: 
IB»1'tc. y- h««3&^«s» v-;i?.ti J:c; Ku-f >cc 
ISJ;>^^T, V-:^*J J:c; KU-f >© — SBtJ^iifi 

fliK©m 2 <»«s2©ai 1 ©^«{4:ia%^* jiaffitt 



com 1 isxi^m 2<om<o^m\zf'- h$&»m 
^^flc-rsxet, 
c©y- hi^»fB(:±ii xomn,r^ i ©i^ihijiu 

« « K ¥ ffi « C Jf$ fiS -r -5 X g t . 

C ©^lfie»«-i y 5^>< LTlIjEy- 
K±ICRifrS©J**©|trEi»3eK^8Jr i t (>JCto 
©««©mE*«BI*Bfe*-r-&c t«r J: 0. 
/<©-:>l^fc»t^?S t) m L««tW-r*«Ti?H© 
» 1 *• J:t^»2®y - h«tt*J&fiRr«Xgi:. 

c©w 1 *j<j;c;m 2 ©y- h«aji(c. 3fL< 

X ^ ^ > 7'i«ffi©jSt^m 1 ©•> M 3 >«^K<fcK* 

fiVEm 1 O^n^l^^U. I9E9^ 1 ^'<):Cf9r 2 
©y- h««©»ff©JlCir*ffl»^-7^i^»rffli^T. 
»2i»«fi©:fttft^fiJiE» I ^> 2 ©y- 
^«ffi©«l«*a«s-t^•T-^ * ymxt ^ z tiz 

©ai 2 9«fi©ff 1 fe< j:c;at 3 ©^^n^ft^isam^)!^ 
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finest 3 oi&R^i^^u/^^. i9£af 1 ^^<i:c/ 

» 3 ©y - ^xg 
8nE» 2 © *> y 3 >ttgft{t:K4s j:c;fifiEm 2 © 

«©frC» I ©y - J:cffi9E»2 h 7 > 

j^^ffii*©BtrEat 3 ©y- mffi©flweic 

» 4 ©«BI^J^fi!t-r5X@ 

finEm 1 ©y- h«ffiti<rE» 3 ©y - h^ffi 



t UTC0LD(C8tc-Drain Over lapped LDD) 

(IZAWA etal. InternationalElectron Device 
Meeting Technical Digest of Papers PP. 38-41. 
1987) <0^%ii^h^o 

c:©G0LD©<lliig^:'e©fii&:^/fe«9^ 5 Bli^S':^ 

91 5 ia(a)— (dHiGOLD©?tl^Xi!imS! h 7 > :^ ^ 
©£S?SB©i2j&:l^&$^-rxSIII»rio0T«S« 

» 5 H(a)C3]^-r J:-?!::. pffl©>y3>»<K 
I 0 0 Jiicy- httflsK I . TIB©»l>^ISJ&> 
'J3>KI2. Jiffi©fft^^feiPo>U 3>K3. •> 

»; 3 >©<k»4 *<w»:JiJfiJtdn*o -euT. y- 
h}^fiK^Sffl©s/'J 3 >a<kR4 Jiic, us^xh 
^<^^ - > 5 h y 7 ^7 7 -f xec J: oJBfiRs 

=j > 3«it©5?tffiicu. Ri3tna 5 -1. 0 -^-y > 
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fc J:C/» 4 ©i^i»(*miS€-ff5fiSc-r -SXSt^^t; 
^i9U:3St&©fiig:&&. 

a %i>n©8^ffii'jtftHn 
(ig«Ji©f'iffl^in 

C ©%B;!ii4f cmttlslKffl©^5^«!ia h 5 V 

X ( c i 0 « fiSc $ n ^> ^ « » s§ ffl *. .fc c; -e © s iS 
(«e3fE©t£ffi) 

fcmaiH]KU> «lffi3R^©tafiBfk*<:*:§ < iiSU. 
^©ft/Mjnx-+&(l J i o >J!^Ti.*t)«4>S -9-::^ 
i 5? o >®Jgt(Cii LT So L//rL. C©atefb 
SRG3 0 — UT*'yh + i'»JT36»?? 

©iff«i3:icMrsPiJii*<*o> «rit«^©mi£^ 

SiS^itl^ot^T. g5 < ©Stfi35?<'i $nT^ ^io 
'e©'t'T»fe KU-f >^ri5©«^54iffi^T»f . 

w<cia®«£QE^^^ < tnsx'Wx««is©sia 
I 2 

r-r S - t ira: 15 . •/ 'J 3 >»<t:K'<i^ - > 4 A 

*<j&jat$ n/cSfc. $ is><rc©*/'j 3 yft{fcBi'<^' 
- y 4 A^^xi'jifflt^. f|ia:»c«bT«?Rtt 

'J 3 >ffil2©*®(Cj^fi!c^n/ce^fe»<fcK/5<, X 

y ^ y r 7. V y ^<<K>m^ ^\^. j?i.^^i^fB y 3 

>KI3/)<afA-fi<j(::x-y ^>ir$n. ^imAi/'Ja 
>R'<^ - > 3 A;^R$flS$ nso *©a. i/y^ 
>Bt<kK-'<^ - > 4 A. ^ftiRi/y 3 >fil'<^- 

> 3 A * jrffli.>r, y >€^-r s 

c:i:JC<J:Ox pS©i^y3>2Stel 0 Q«t>CV~ 

i%6A. GB^m^^ns. 

^ - > 4 A*fJ:tf3f«Sift >y 3 VR-'*^- > 3 A 

©flaanJwfitffcR 7 A. 7 B^i^j53c$nSo -ei/T, 

C©a<fcR7A. 7 B ^-^X 5^ llffl V>r. 950 
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7 A. 7 B*i J:C^'> 'J 3 >&t<tm^<^- > 4 A€: 

8 A. 8 Bi)<1^&i^tX^o 

»i 3 >Bt^<3' - > 2 A IC« UT, v-Xfci:C;K 
U-< > t niSO^Wi*^^ 6 A. 6B/><3fi55^ 
<C:*--/<-7:5ry (0. 2 ^ y a L/-C*>»3. 

1 s 

t^CtlCfcO, £/»J 3 >»ffcJK'<i'-> 4 A*< 
3 AC[>fi«iffii::SJ(a$ii:/itt<b«7 A. 7B 
U 3 >fil'<^ - > 2 A^JB^r -Sfc^^Ovx 5^ 

(3) iy 'J 3 >2I« 1 0 0 ±{ZY- h'lS.^tU^ 

•> y 3 >fit<tK/<^- > 4 A*<J^J3c$n-5fc*. 

5/ g 3 1 0 0 oSiffioEga?^^^ <tii) 2 



4*Bfl^ 4-93080(5) 

i«8A. 8 B ^SSaSffi-C*) 0 . aUroLDO (Ligh 
tly Doped Drain)t«iS® li^^^S2 h 7 > ^ 

'J 3 >si 2 c!>s<©t::JiJfiJt$ nTi.^*ffi*r»<.^ 

vK/^i'- > 3 A»raji3*<^u*« -to^is. y 
(2) fiiia «; 3 >K'<4' - > 3 A ixaa 0 

I c 

coy- hte»iKi<wa&T^s®y- mtft^r^fist 

UT. j£T=?S«CiBf}ffiU/^i»''^y- 

y- nta3!»^^>isns cstoTW < ^ i-jT^- 
y^ooi^/ciST^^soy- :a^T^ 
fi»r5soait/::»^^y - 1^ «iffii^T©ffc I 

U'-< >C|Si;5r>-,T, V - *>' J: Cf K U > «>-W 
I c J: *) « W U fi #i « (* » * :^ ^ ^ > 5^ 
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co/fosBSicy- hte^H^-JBfiScf^o coy 

h i^li^ B ± II HUr £ <D j9t O «R « Kir ^ a: (> I- 

- h«ffi*}^fi^-r -So »5 1 ©^R^i!^*u> y- 

««iS®7l««b«y- h«t«CDjSfiB«Sa$«T 
:<->ttAr-5wt(C J:*). V - X *i J: c; K U 

(*®«€-j^fi^-r *o y- h««©wi$iitp 2 
R^f^fiStf^o com 2 ©tfiR^* jicfy- h«® 

I 9 

hte»RJii=0f«o»*o««R*a-r t tfcii 

fao^H«©i»«R*»*-r4 c t(r J: »>. 7^-/< 

- h^S^-J^fiSf^^o m 1 ©«tR^Rfe*L> y- 

» i* S I « * n T flW ffi (C f- - ' < CD o V ^ ft: in t , 

cogroSffilcy- hi6l»R«^^t. 

.=,(cccDy- hte»R±Jri£T^S©y- hlRffi 

■5 f --'<©oC>/ci6T^H©y- CO 

vo-gs^nc^i^Rffioff 2 «nsoa^ 4 0^i9 



<»M^ 4-93080(6) 
« «:« iij^^ s n r «E - o o t ^ ai t . 

co«oas5ir y- Hte»R«^SfiJc $^»cc 

$y- h^»siJi«iifiT^ssoy- hwffi^-BEJt 

y- ntt»*-^>ttn*icttr,Tj» < 'i* ji-jx- 
i^ooi^^/cffiT^soy- h««**rL, JgTJ? 

S2»lH0aJt/c»t^y-h SffiRTom 1 

I^R^R^fiET-So Iff 1 ©tftR©m^©faJ|t^»!R 
d^KiKt^-r-So I ©tftR€:i8tRWiw(^^r ^ c 

^Ztit^i). » I ©ttR©«fi5*<:r-'<-'^> 
r f * J: -5 « ffi C I X - ' < «> ^ »f * fiR * « 

co^osffiiiy- hteSR«-JiJfi2-r «>o coy 

- HfeSRJbfc J:c;» I ©t^RJ^li^«R^¥ffl 

iwj^fiSt-r-Sc c ©i»«R^x :y f-/< -y ory- 

2 0 

(tzmtA^:. c©9 4 ©4^9li^ia%©l^aQ(i®^t^ 

so® 5 ©^«tt:®% t fcOTfe-So 
»*3S(6)Ci&©i«^«(*$^E<ORit:^te«. 2k© 

1 «ss©4^«f<EiB±(-m;s©i9^^©i^ 1 <o 
tHR^j^^f^o » I ©i$R©m;&©ii%$s^ 
ttiiKj^r^o m I ottR^j8we*j{rKt*-r «»c 

*c tCct 0. If? 1 ©ttR©«SiJ*<*-'<"'^> 
J: ^ «BBI- v'-'^O-^v^fciR^J^iS'^^o c© 

»©«ffitcy- htt»R*^iSJtt-«« c©y-h 

te»Ri^"J:a» 1 ©«tR±«li»«R€^¥fiC^ 

OL-r^o coi»«R«-x-y ^/<T^ 5^ ur y- bite 

l»RJi(c0r9£©i9^^O««R^lS'r ^ ^ t>lcftbO 
««©««R*»*t-«c tir J: 0. 7^-'<©-? 

i^fc»v^ffiowu«a*fl-r*aTi$=H©y- h 
» I ottR^-te^c. y- h« 
^©RBicoj^t^ffl^^vxi^jcfflt^T. mzmis, 
uom I ©3ri*«)«:iS6T^s©y- h«ffi©taffl 
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©y- Hfe»ffiJiCi£Ti?S©y-' h«««^}&fi5c 

LT. i£T^sc5SoaJLfI^tl^y- 
y- h«s/r<»ftin*ictieoT»< i-jT^- 
^^oov^/iiftT^Sioy- b«ffi*wu. ffiT^ 

2 3 

^J^JiXfio C ©Iff I <fc C/IS 2 ©35 ©^ffitr y 

- hteSK^mfiSt-r So c©y- hifestK-t*? <fc 

ffl u^a^-^s-r si£TJ?s©m 1 i> ckc;ip 2 ©y 
-n£tt*jf5«r*o c©it 1 *> J:c;» 2 ©y- 

K«tt±ic, «b<X::rf^>r«K©at^» 1 © 

» 1 2 ©y- h«a©Kff©»V^8P 

^*v;^5'ICffll>T> W 2 i»«a©^*6tt^m I 
fccfcCf»2©y~ h««©«SP^««*^T-f ^ 
VflEAf 4 c t (r J: v->^i> J:c; KU^ y© 
-ffi^/<«ffi«S©ff 2««&©9I 1 J:c;ff 3 

©i|i«»ffl«*je«-r«« » I ©y- 

*J^fiRr*o »2 h ^ > i^^^' JKfiR««©» 2 © 
y- h«S©KM©A^l'gIS^©ff!ie(rat 3 ©ttB 
^jf^^-rSo 1112 h 7 ^^J£ffift©fll 3 © 



ftM^p 4-93080(7) 
BiicjB^^n. d^u< i fe{a«K©sp 2 iii«s© 
» I ©i<ii»<*««^%^jcy- mttRTu^rf 

<rJljat$n-C«3ffilCf---'<©ot*/;» 2 ©« 
C©SI 2 ©fi©«ffii:}BflcUAiy- hlftfiSli:* 
C©y - hite»KJb<:SfiStU/cE3ftJB©y- 

C ©E3ftJ^©y- h JttffiJC^ "7 ^ y 
t/iV^J:^twJ^fi£L/c(ft«0E©m2 i»«S2©gt 3 
©^#{4cfi|ift^. C ©St 3 ©^9l(®tt©^il3(: 
BJil;U/^m 2 9«S©I^C 4 ©^4l<^iSi$^^<&nc 
-5»2 h 7 >-:^^^*«>tAit>©-cfe*« 
m^^(8)iett©'f^«i4:jSS©fiit^i£(i. 2k© 

t *> -C S o 

m I ««a©2i^«(*li Jil^0iS©»*©» I © 
J: 9 OTffiic ©ot'»^» ! If J: C/SR 2 ©rK 

2 4 

-r-Sc Sf^ 3 ©ttK^Mt^U/iS. »1 fci:c;!^2 
©i/'; 3 >Kltt<bR**7;^ J^ICffll*T»2 h5 > 
^X^^^m%©I^E 2 ©y - h nS©S6 I? m USB 

d'&ftfe^-r^-iit-J;*!). Eft® ©a* 3 ©y- h 
^ts^-J^fiSt-r So 3^ 2©>o 3 >i»kfii{bKfcJ:c; 

m 2 ©t^R^K^^Ufc^. mi h5>i^X^J&fiJc 
«lgc©m 1 ©y - hlSffiii J:c;m 2 h v V i^X^' 
J^i^0ift©m 3 ©y - h 1ES©fii|IS(w^ 4 ©l£K 

t0ii£-rso 31 J ©y- hUffitm 3 ©y - h« 

«fcW4 ©«Ri*^:^^i^ffltvT. 2t2i»«fi 
©:?^|ife%«'-< >ttA-r S C t {C <fc 0> V-Xfc 
J:c; K >t/iSi««8e®» 2««M©» 2 
J: am 4 ©¥«i*ffl«t*Jgffi-r«o 

(I) I lH)©««»©^«'Cj£T^^E©y- 
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2 B 



^<o^mist{tm^3iy f^>s^:x h y/< turret- 

(2) W I OttROSfrSCD^^^-J^y f'V/U, 

(3) m 1 ??«S<Z>it^^9«:»^Xy ^>rtTB 

2 7 

fi«Pi2©i/'J3 >»« 1 0 0 S5 I CDtt 

K 'J >$r^=^-r ^ KWE^J 2 5 0 

(nm) 0^<tm (Br rpsGK9j t\^^Oo ) 

OS i 3 N< R I 0 ^3^fi!it-$o 

XSJC<kOy - h«ffi^JS1®«X©S i , N, R 

t^l50Cnm)©« 200 ^B^r^o C©« 
2 0 0 li«!lB5»Cx--''««^WUrfc *fi«200 
CliPSGR90«SSB*<Xy^>5^g?d (t^l50 
nm) tf^SflE(r?»--v<-/>>r Urt^^o -t L 

R^lfb I 0-20 (nm) ©y- htt<kR I I ^ 

Rl OJblc. 491ltRl 2 ^^SCl^JiSc-r^o 



'^Bflsp 4-93080(8) 
€-fTo/it^. y- H£(5©JaTT'tiy- hIEffi 

3*<*-/<-^ ^ y Ufcm I h7>2^:J^^t. W2 
©y- h V- J:C^ h !/ -f > t/i4m 3 

©ifi|IH*««*<3r-^<-7 vrUT*.>/^l*3l 2 h 

ti)<X^. * /^3P 2 h ^ > >>>^^liy- h!&ft© 

m I 0(a)-'(e)li. C 0^flfl©g? 1 ©5IMifl»]©^f- 

««:jgK©SiS:^rSc*^.-rxeiiHiwffi(aT«>«>« 

2 8 

1 ig(c)ic5^-r J: ««R I 2*x-y 
^/<y>^f*-t«r<J:Os Si, N. Rl 0 ±© 
iff^Rl 2J&fi^^U. /f^oy-h»<fcRl 1 Jttr 
RBLI^iSSO (nm)gK©«1ttR12 C 
t«Cj:0> i£T^S!©y- h«S 1 2A*jeBK"r 
-5c -ei/T. C©y-h«ffil 2A©«ffi«rf*ia 
{fcr-SCtlciO, R»ri5 0~ I 0 0 (nm) 

R3!r-^^X£«9ILR 1 2 4b* J: c; P S G R 9 (Cltfi U 
T, SL< X9f^:/iriSffi*<ai^t>©T*»*<, 

i^cicat 1 ia(d)irn^-r J: ^ (c, s i , r i o 

4b' J:C;P SCR 9 ^R^iur^»> y-h«Sl2A 
*,'J;C;i/'j3>a^l£l 0 0©«35(r, RjgCft 2 0 
(nm) sat© U 3 vKlKffcR I 4*«J^t-4o 

*©«, s/ y 3 vfeiartR 1 3*»j:cfy-h«« 

I 2 A©RJ9©flC(r'8S^«7;;^5rcffiC y 
y-hmSl 2A©<8fi8r^it>^5S^)ffiLf:ga» 

©^«a:<Smt^i 'S&SlfiS© n M© ^9 (4:01a 
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ISA. I 5 B '^BfSL'T^o 

2 AOKJ9EO}9V^S9»(Oiae9J: OnCQCC 

jUfiXf-s c tic J: y- mm I 2Atm\<D 

i^mP^^i$i\ 5A. I 5 B 7 yft 

^{igoo ur fefit^o * /c p s GK 9 ti^^-r i t 

fflt** t P S GK 9 cifc'^i/ y 3 >lft»fl:ttl 3 

fi*<^T. •> «; 3 1 3 It 15 t A if l^* 

dnr. p s CIS 9 ©❖^fife^f -6 c t ^^T^ 

»:(cgt 1 @(e)|c^r J: 9 y- httffi I 2 A 

>fifc<bKi 6A, 1 6B«)^i£-r'&. 'eur. > 
'J 3 >i*B$<bK 1 3 . >m<tm i 6 a. le 

B ^^fc V- h 1 2 A ICffiC^r. t 

jK-^-Y ;r >fl:Ar* C tic J: Ox St 2 

3 1 

» 2 ia(d)IC^-r -5 IC. » 2 0(c)IC^rSiiN4 

SI 2A*.-,kc;i/'j3 I 0 o<ommizmm 

- H£« 1 2 A©KJSttDj?l>ai»«'^:?^i!'Uffll^ 
\ifk^*f- Vn,^ \ 2 A©*S6Br'J:*>^SS 0 
U Ufc«B^*a»d«T-f VttAf * C til J: 

ISA. 18 B ^-J^fiSc^^o 
COJ:^ICjf^fiR:L/c«l^lift«S h 7 Vi^J^i'li. 
t«*y-h«ffi! 2 A©«8ffii*a»^FltT-f * 
>ttA-r*fc*fi>> y-h««l 2AO«S0©illT 

|filiitti>«^^J#o^?|ilc<f cnir^O^i- 
.twi':^^r6i<ottl«iii«jfti$n. wwflE^i ? > i^;^ 

^'^W^C t*<T-* *fcy- 2 AO 
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1 7 B ^RJfiS-r «o 
CO J: ^ ICJB^U/;«»a!RS h 5 Vi^X^ll, 

ISA. I5B*<y-h«ffil2AlC*- 

TirRJ^L./ciJiilK*€I« 1 5 A. 1 5 Bo:?^|JS«tSJ 

asfiEiix fi5$^fsi^-^c;f^ i- :^^u:^risjirevx«S54 

y-h«si 2 A©Rac©jgct»8ii^ii-'<^->o 

n^o $ ^>ir •> D >2fe<g I 0 o^xvi'vru 
fc«2ooic. y-hQffcKi i*»<tay-h« 

«1 2 A^J&ffi-r^C: tC ckO, y-h««i 2 
A3&<S/ 'J 3 >a<g I 0 0 ®fftO«ilclIifc'<fflct^(4 
|B(C^«/^«, 2BSa)B2miI»t-r«@tSS€'/hd 

3 2 

>2£-<£l 0 0^x.;»^>ii^L/;irR 2 0 0li, *f - 
VUtitlSL I I *? J:ay- I 2 A^JB/Sr* 

y-h«flBl 2 A *< > 'J 3 > jfcffi I 
0 0 <t>te©®i*l=H:-<ffi;l^(4Sir^i fcii). 2 IS 

Sffi^-^fflflst* * C t/i<T^ ^►o 

m 3 0(a)--'(e)ii. z<o^momz<o%mm<o^ 
« 3S IS <D ^ m r X m US ffif @ a -e « ^ • 

35 3 0(a)-{c)jr^-rxgli, ^ 1 laW-lcMr^ 

» 3 (2)(d)ir^-r <fc m 3 aCclC^-rSi.N* 

fiill 0 fc^C^P S GK 9 «:ftfe*U/c^. y-h^ 
SI 2A^-<)ic;i/>i3V2£tSl 00 OSBBir. B 
fSCI!^ 2 0 (n m) @ffiCD > ij 3 >|M^fift:R 1 4 « 
JBflc-r*. •> 'i a I 3 *,'<kc; 

y-KltSl 2 A©Ki5COff l>g85)-«'-7X era 

V*, y-h«»j 2 AoiSfisfib^aio w u/i 
6ii«'*aiSd*T, i/u 3 I 0 0 "Mcy > 
t-f srvttA-r-sc tic*?), as 4 
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i^^mmto nUfos^mv^mm. I 9a. i sb 
■c. s/ ij 3 y^ffi ! 0 0 +<c-r :f >ttA-r* c t 

i|i|»tt:ffl«2 0 A. 2 0B*J^fi3cr*o 

CCD J: •5«cjg«Lfc«»Jft»a h ^ > S^X^© 
V-5^*f Kl/-f Vtnf 1 9 A. 

1 9 B^'J:C^4^9(4cfi|liE2 0 A, 20Bts¥- 
Htffi I 2 A t;!><3r-/<-7 y UTl^<5o * /c 

2 A04SS5<D^T<tifiCD:f WttaiK 

«K 1 2 A«-J^fiEt-'5 C tir J: 0> 2 
a s 

xe(r J: 0. » 1 *f J:C^» 2 h ^ yjx^B^m 
m\ 0 tJJ:CFPSGR9*iy^>rbrKJ^U, 

1^1 50 (nm)®rP^200 '^B^'Tio ZOm 

2 0 0 liffllffiCx-^<^WUT*?0> */cat200 

nm) tmUfStiZ:t-^<-^^>rLXi.-io -t U 
T«mU/i i/'J nvaiffi 1 0 0 ilC, Kffft 1 0 

--2 0 (nm) eaoy- b»n:» i i ^s^u. 
coy- hiinsfii I 1 ±^*<):c;s I . N4 Ri 0 

gftefly 'J 3yH/r>^>/j:-5af«R I 2*¥ 

7 y '-^;^^Jgl£fll«X. Y©««»l2*x^f^ 
/<9^r6C^(rJ:0. S i« N« Rl 0±<D« 
1SR 1 2«M^^U. i^oY-hfifefkRl I JifCR 
3 5 0 (n m) effiOflHtR J 2 ^KfC t 
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'So 

» 4 0(a)tc^f J: -5 IC. J - X ti ^ O V 1^ >( y 

ty - ^««^/><'3^--'<-7 v-rufcLDDWiis 
c;Ki/-r>ty - h«ffifcA*:f-'<-7 y-^Lu 

riCtdJ:*)* L0C0SIS2 I ^JB^Ufca. 

1 0 0±^*J:CFLOCOSffi2 iJb 
IC, S( 1 <D!&R^<£'5RflCri 2 5 0 (nm) @S 

© P S GR 9 ^-JK^ b> C©PSGR9±ir, R 
ff|5|50 (nm)©Si,NiRlO ^rJ^fiEf 

3 6 

^a©y-h«SI 2A, 1 2A' ^BfSLTio 
^UT. C©y-h«ffil 2A. 1 2A' ©^iS 
^lBia<fc-r ^ CtC<J;O>Ri?I^I5 0 (nm) 
g0C©» I ©i/ 'J 3 >ll!v»fbR 1 3* «rJKfi£-r*c 
c:©i/»; =J >«^affcR I 3' *t<X.yf^> 
rjeQC©iSt'^©*^^'6« 

*LT, Si. N4 Rl 0^<taPSGR9«- 
fiH^Ltz^^ y-MRffil 2A. 1 2A' *J J: 

>J 3 >%tlK 1 0 0 ©^^IC. Ri¥l^20 C n m) 

efiE©i/y 3 >»tt<fcR2 2 ^jfjjfif -e©ft. 
:/y3y|»tt<tRi 3* *fj:c;y-h«ai 2a. 
I 2A' ©Rffwffi'^ffli^^vxircffli^r, y 
>^y-h«ffii 2A. I 2A' (om^r*it>t> 

RK©nS©^«<«:«ift2 3. 2 3' ^Jj^^-T^. 

I»CC» 4 a(d)(Z?^r J:^<C, ^SSlcRI9t«^ 3 0 
-5 0 (nm) gK©S f , N 4 R 2 4 ^J^^ 
C©Si, Ni R24±(r. PSGR25 

r^o *UT, m h »j V 7 7 -< xe(-4: 0. si 
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•> 3 >l!fttt{bK22lf «t:c;S i « N« 6 2 4 ^iT 
UT. 9S30fiS^K^<C'5PSCR2 5' «KIS$ 
(fiU, »2 h 5 Vi^X^^^«lftY(rj»fla 
$^/cPSCR2 5* lix 2A®Ja 

S GH 2 5 ORfllitC J: OSm-r-S C ^j&^T^^o 

JfJ«fil«Y«OSffiC«fiJ CTU^i S i , N. K24 
^RS^^U. de><::COS it N« 6l24^Mt^U 

etc**). K»«^5 0 (nm) SK©»2<0S/ 
g 3 >fftBfbR2 6 «J^fi!cr«. 

4 ia(f)C^-r J: 9 PSGBI 2 5. 25' 
*iJ:C/S i . N. R2 4 ^liSir ftfe* U Sfc . » 1 

3 8 

fzV- 1 2 AC V-X^*J;Cf KU-f >©- 

L DD«ii© h 5 (KT r» 1 

*><ki:^ KU-f > t/i**«i*«a« 2 3. 3 2 J&^:<- 
-^<-•7•y:/LTt^/j:v^LDD«lig<D V V yJT. 

^<fcJ: 0 fey - h3&»0«ltDJ&<Wfa(C/i* fcc 6 
T(i. »2 h^vi^;^^^^!.^*:: tcJ:0, « 
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(nm) effifi!>PSGgSl2 7^Bfi3cf6o -tLT, 
2/ 'J 3 >ltt<fcR 13'. 26i»cfcc;PSCK527 

$K7-<i:yf->ricJ: OMtsfer * c t ir J: 

» 3 ©y- h«ffii:<f ^Hftj^oy- h as I 2 

B «rJg^r *o 
e)IC?ff 4 121(aC7n-r «J: -5 C. PSCKI274dJ: 

cfi/'j 3>»»ffc« 2 6. 2 2 ^Kt*u/ia. y 

- hYLS 1 2A^'<^ay-h«ffil 2 BOftSiSt:: 

x^-^ ti,x. S54 ©ift«a:nf*i/y 3>a<t 

R 2 8. 2 9 *JKfiEUs $ «i{ClSai UTt>^ ■> g 
3>2fet£l 0 0©^® ir, ISI|C»^20 (nm) g 

fficDi/ 'J 3 >f?iiee<bK 3 0 ^Ji^fitr -e tr. 

•> U 3 VlftttftR 13. U 3 ^IftfkBI 2 8 . 29. 

3 >ei 1 2 A^'J:C;$ISA ->U 3 VR 

I 2 B^-vx ^ cmt^^r. t ^fe^r i/ y 3 >X(S 
1 0 0 I'C-i' >ttA-r -5 C t Ccfc 0. !P2©iii 

3 2 «Ji^i£-r «o 

4 0 

-5 c: t Jtf^r* *o 

*/;y-h«ffil2A. 12B©®l»<0»t^SB 

•r« c t**^* «• $ ^»»cs/ y 3 10 0^ 
x^^>irLyisr200 c. y-httftRi i*i 
J:c;y- h«ffi 12A. 12B^5BfiE-riCi:C 
i:0.y-HtffiI2A. 12B/i^i/0 3>«tfi 
1 0 0 ©ilboffll*cit'^(£(<^(icia(::«>* Alii), 2 

»2. » 3 ©tias09c*»t^T. 

3>»fife{kR! 3iiifiS-rtt>}Bfi£U/i:<Tfeai^, 
Si.N« Rl 0 P S OR 9 *BSt*UfiHfc, *f 

- h«s 1 2 Aoffssic, ^ y 3 >fifcn:R««J^ 

J5Rt. COS/ y 3 >»<kR©Rjy*$?ffi»r 5 w 
IC J: »} > CD » ir ffJ fiSc-r 6 7 - X J; Cf K 1/ -< > 
fc/X-S^Rffi^lR 2 i»lCMcDm 3 O^^^^mt. 
y-h«€BI 2 A t©3r-'<-^ y 



—457— 



J^<*: l?(£i.^«l:(B^'<cO. ^ iff (* fB o 3J ffi <0 El 
/h^F</i*p L/w^^oTs 2 IB B<OEa(^**-r * 

c tor* 4i^WJE<0 h7>>>::^^^f9*ctA< 
^ ^ (rift 21^:^(7) ^/^(l(8)ei& CD 

4 3 
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m I H(a)-(e)ll, ZCOnmo^i 1 ©aiJfiWOi^ 
CDRiS^»t«:^-rX§l©8JraD0, Iff 3 0 (a) - (e) li , 

gmfirrSBiax m 5 0(a) — (d)»iC o l ocDnt^iam 
m h ^ > i?xi'CD3=Kecoi2ig:^ffi«'^-rxgii5 

4 4 



I 0 0 • U 3 (^»«=iB) . 2 0 0 " 

9 -m 1 ©ttJK, i I - y- hKlklK. I 2 
-iffHtK. 1 2 A, 1 2 A* . 1 2 B-y- 1-m 
a. 15 A. 15B. 2 3 l"©4i««^««, 
1 6A. I 6 B ••!S2©ttl8l, I 7A. ! 78. 
3 2"S5 2©4i«(*«l«. I8A. 18B. 23" 
3 I9A. I9B-^'10i^ 

2 OA, 2 0 B 5 ©il'-^H*®!^. 
1 3 • 1 ©2/ y 3 >r»itt<fcK. 2 6 • -St 2 O 

mSOtSR, X -Sll h 5 > i?X^0«ffllA* Y 
2 h 5 Vi^yt^'Ji^^ffitt. 2 8. 2 9 "»4 

4$WPW0A <^T««ffi«»3^;^|t 
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100 -- 
200 • 
9 - - 
1 1 - 
I 2 •• 

1 2A, 1 2 A', 1 2B ••• 
1 5A, 15B , 23 ■ 
1 6A . t 6B - 
17A, 17B.32 •■ 
ISA, 1«B, 23 
19A,19B,32 - 
20A, 208 -- 
1 3 - 
26 -■ 
25 • 
25- 
X - 
Y ■- 

28 , 29 -- 



SI) (Of 



as » 



(a) 



^ 10 

— 9 



(b) 



200 



-100 




(c) 
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» 3 a 

« 3 B 



(a) 



(b) 



(c) 
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